microgelification by heat. A conventionally-made microgel sample was also fabricated by using 23 hydrochloric acid for pH adjustment on 5.8 and subsequent heating at 85 °C. Size approximation 24 of microgel particles from atomic force microscopy images indicated that chemical cross-linking 25 resulted in smaller particles (80-130 nm and 100-150 nm for post-and pre-microgelification 26 cross-linked samples, respectively) compared with conventional counterpart (150-300 nm). 27 Based on Fourier transform infrared spectroscopy results, it was concluded that prolonged citric 28 acid cross-linking of whey proteins prior to microgelification caused extensive cross-linking of 29 protein units and preserved proteins α-helical structure. The pre-cross-linked microgels formed 30 firmer (higher fracture stress and complex modulus) calcium-induced cold-set bulk gel with 31 higher water-holding capacity and denser microstructure compared with conventional and post-32 cross-linked microgels. These superiorities were attributed to existence of higher number of 33 carboxyl residues in the structure of the pre-cross-linked microgels. The alteration in the 34 properties of the final bulk hydrogels via cross-linking of the microgel building-units can be Citric acid is a poly functional monomer, readily available, inexpensive and nontoxic metabolic 61 product that is involved in Krebs cycle (Franklin & Guhanathan, 2014 solutions were dried and mixed with potassium bromide powder and then pressed into a tablet.
109
The spectra of samples were plotted using OPUS software (Bruker Optics Inc, Billerica, USA). 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
The formation of citric acid-mediated cross-linkages in WPMs structure was followed by non- The WHC of bulk gel samples was determined using a centrifugation procedure (Kuhn, 141 Cavallieri & Cunha, 2011). Small pieces of bulk hydrogels (1-1.5 g) were gently cut with a 
Textural properties of bulk gels

237
The complex modulus (G*) defines overall stiffness of a sample (Miri, 2011) . Table 1 ). The gel fabricated of pre-cross-linked microgels showed greatest water- Dense network, walls with less pores Means within the same column with different superscripts differ significantly (P <0.05). Table   21 Figure captions 
